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fibroblast cells, and DF-1 chicken fibroblast cells were pre-starved in serum-free medium overnight and then 
stimulated with purified HPR1 and dHPR1.  As expected, both forms of HPR1 induced AKT phosphorylation in 
KAT-18 cells but were slightly less effective in inducing AKT phosphorylation in two fibroblast cells (Fig. 2).  
Interestingly, both forms of HPR1 stimulated ERK phospshorylation in KAT-18 cells.  Of note, only p42 ERK 
was detected in chicken fibroblast cells with the anti-ERK antibodies.     

The effect of HPR1 on tumor latency. We originally proposed to use TVA transgenic mice 
intercrossed with MMTV-PyMT, Neu, or Wnt transgenic mice.  We have changed these experimental 
procedures by co-infecting TVA transgenic mice with RCAS vectors encoding the oncogene PyMT, Neu or 
Wnt plus the control RCAS vector or the vector encoding RCAS-8C.  As shown in Fig. 3, mice infected with 
RCAS-PyMT plus RCAS-8C vectors developed breast cancer significantly faster than mice infected with 
RCAS-PyMT plus RCAS-GFP vector.  The mean tumor latency in TVA transgenic mice infected with RCAS-
Neu plus RCAS-GFP were 86±6 days versus 52±4 days in TVA transgenic mice infected with RCAS-PyMT 
plus RCAS-8C.   Statistical analysis revealed that the C terminus of HPR1 significantly accelerated breast 
formation induced by PyMT.   

 
We next determined 

if an enzymatically inactive 
dead HPR1 was able to 
accelerate breast tumor 
initiation. As shown in Fig. 
4, TVA transgenic mice 
infected with RCAS-PyMT 
or RCAS-Neu plus RCAS-
dHPR1 vectors developed 
breast cancer much faster 
than mice infected with 
RCAS-PyMT or RCAS-Neu 
plus a control RCAS-vector, 
respectively.  The mean 
tumor latency in TVA 
transgenic mice infected 
with RCAS-PyMT plus 
RCAS-dHPR1 were 89±6 
versus 63±5 days in TVA 
transgenic mice infected with RCAS-PyMT plus RCAS-GFP.  The mean tumor latency in TVA transgenic mice 
infected with RCAS-Neu plus RCAS-dHPR1 were 95±11 versus 228±21 days in TVA transgenic mice infected 
with RCAS-Neu plus RCAS-GFP. These observations strongly suggested that that HPR1 enzymatic activity is 
disposable for its tumor promoting effect.   

Fig. 3.  HPR1 C-terminus accelerates PyMT-
induced breast cancer formation.  Female TVA 
transgenic mice (8-12 weeks old) were infected 
with RCAS-PyMT plus RCAS-dHPR1- (Black 
line) or RCAS-Neu plus RCAS-GFP virus (red 
line) by intraductal injection of 1x107 virions each.  
Mice were monitored for tumor formation by 
palpation.  Percent of tumor-free glands were 
plotted and statistically analyzed by using Log-
Rank test (p=0.002) 
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Fig. 4.  Enzymatically inactive dead HPR1 (dHPR1) accelerates PyMT- and Neu-
induced breast cancer formation.  (A)  Female TVA transgenic mice (8-12 weeks old) were 
infected with RCAS-PyMT plus RCAS-dHPR1- (Black line) or RCAS-Neu plus RCAS-GFP 
virus (red line) by intraductal injection of 1x107 virions each. (p<0.001) (B)  Female TVA 
transgenic mice (8-12 weeks old) were infected with RCAS-Neu plus RCAS-dHPR1or 
RCAS-Neu plus RCAS-GFP virus (red line) by intraductal injection of 1x107 virions each.   
Mice were monitored for tumor formation by palpation.  Percent of tumor-free glands were 
plotted and statistically analyzed by using Log-Rank test (p<0.001) 
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Finally, we determine the effect of full-length HPR1 in breast cancer initiation.  TVA transgenic mice 
infected with RCAS-PyMT plus RCAS-HPR1 vectors developed breast cancer significantly slower than mice 
infected with RCAS-PyMT plus a RCAS-GFP vector.  As shown in Fig. 5, the mean tumor latency in TVA 
transgenic mice infected with 
RCAS-PyMT plus RCAS-
HPR1 were 119±8 days.  
whereas the mean tumor 
latency in TVA transgenic 
mice infected with RCAS-
PyMT plus RCAS-GFP were 
86±6.  TVA transgenic mice 
co-infected with RCAS-PyMT 
and RCAS-HPR1 significantly 
prolonged breast cancer 
formation.  Studies are ongoing 
to determine if HPR1 also accelerates Neu-induced breast formation. 

KEY RESEARCH ACCOMPLISHMENTS: 

Task 2.  To determine whether HPR1 enzymatic activity suppresses breast tumor initiation (Year 2) 
1. Demonstrated that HPR1 C-terminus was able to promote breast cancer formation induced by PyMT 

oncogene 
2. Demonstrated that the enzymatic activity of HPR1 had a negative effect on breast cancer formation 

induced by Neu and PyMT oncogene 
3. Demonstrated that the enzymatically inactive HPR1 accelerated breast cancer formation induced by both 

RCAS-Neu and PyMT oncogenes.  

REPORTABLE OUTCOMES 

Manuscript:  Domain-specific tumor-promoting activity of heparanase.  Manuscript in preparation 

CONCLUSION 

We proposed to determine if HPR1 enzymatic activity can antagonize the tumor promoting effect of the 
C terminus of HPR1.  Our studies using a syngeneic breast cancer model and somatic mouse model suggest that 
knockdown of HPR1 expression causes the delay of tumorigenesis and the inhibition of tumor growth, 
suggesting the overall role of HPR1 is to promote tumor growth and formation, and that the C terminus of 
HPR1 alone was able to promote tumor initiation and growth induced by Neu ongocone in a somatic breast 
cancer model.  Studies in the past year demonstrated that the C-terminus of HPR1 accelerated breast cancer 
formation induced by PyMT.  In contrast, the full-length HRP1 not only delayed breast cancer initiation.  In 
contrast, enzymatically dead HPR1 accelerated breast cancer formation.  These results are consistent with our 
earlier observations that sulodexide, an HPR1 inhibitor, accelerated breast cancer formation.  Our results 
collectively suggest that inhibition of HPR1 activity not only does not suppress but rather accelerate breast 
cancer initiation, and that the strategy using a specifically inhibitor of HPR1 enzyme could have an adverse 
effect on cancer relapse.   

  

Fig. 5.  HPR1 accelerates breast 
cancer formation.  Female TVA 
transgenic mice (8-12 weeks old) 
were infected with RCAS-PyMT plus 
RCAS-HPR1 (Red line) or RCAS-
PyMT plus RCAS-GFP virus (Blue 
line) by intraductal injection of 1x107 
virions each.  Mice were monitored 
for tumor formation by palpation.  
Percent of tumor-free glands were 
plotted and statistically analyzed by 
using Log-Rank test (p=0.015) Time (days)
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